Inactivation of bacterial glutamine synthetase by ADP-ribosylation.
Glutamine synthetase from Escherichia coli was inactivated by chemical modification with arginine-specific reagents (Colanduoni, J. A., and Villafranca, J. J. (1985) Biochem. Biophys. Res. Commun. 126, 412-418). E. coli glutamine synthetase was also a substrate for an erythrocyte NAD:arginine ADP-ribosyltransferase. Transfer of one ADP-ribosyl group/subunit of glutamine synthetase caused loss of both biosynthetic and gamma-glutamyltransferase activity. The ADP-ribose moiety was enzymatically removed by an erythrocyte ADP-ribosylarginine hydrolase, resulting in return of function. The site of ADP-ribosylation was arginine 172, determined by isolation of the ADP-ribosylated tryptic peptide. Arginine 172 lies in a central loop that extends into the core formed by the 12 subunits of the native enzyme. The central loop is important in anchoring subunits together to yield the spatial orientation required for catalytic activity. ADP-ribosylation may thus inactivate glutamine synthetase by disrupting the normal subunit alignment. Enzyme-catalyzed ADP-ribosylation may provide a simple, specific technique to probe the role of arginine residues in the structure and function of proteins.